INTRODUCTION
Trypanosomosis is known to cause genital lesions in domestic animals. Testicular lesions occur in rams infected with Trypanosoma vivax (Isoun and Anosa, 1974; Akpavie and Ikede, 1987) , Tiypanosoma brucei (Ikede, 1979; Ikede and Akpavie, 1980) and Tvpanosoma congolense (Kaaya and Okello, 1980) .
In zebu bulls infected with T. vivar or T. congolense, an increase in ejaculation time has been shown to occur (Sekoni et aZ., 1988) . Among the species of trypanosomes that affect domestic animals, T. evansi has been reported to cause mild and subcliical infections in sheep and goats (Khasanov and Ivanitskaya, 1974; Rottcher ef al., 1987) .
Natural infections probably do occur, as antibodies have been found against T.
evansi in goats (Boid et aZ., 1981) . Since no detailed information is available on this disease in goats, an experiment was designed to investigate the effect of T. evansi on the fertility of male goats.
MATERIALS AND METHODS
Nine small East African entire male goats from a trypanosomosis-free area were placed in a fly-proof room and provided with a ration composed of dry Rhodes grass hay, concentrate (Young stock pencils; Unga Ltd, Nairobi), salt lick (MaclickWellcome Kenya Ltd, Nairobi) and water ad libitum. After a period of 8 weeks of acclimatization to confined conditions, the goats were divided into two groups with six bucks in the experimental group and three in a control group. The bucks were electroejaculated (Colorado electroejaculator Pulsator II, CO, USA) once weekly starting 3 weeks before infection to obtain baseline values. This continued for 12 weeks after infection, when the experiment was terminated. The semen was analysed by the techniques of Salisbury et al. (1943) and Coffin (1953) , being evaluated for volume, colour, total spermatozoal count, morphology and the live/dead sperm ratio by staining with eosin-nigrosin and counting 200-400 spermatozoa from two different smears (Blom, 1950; Swanson and Bearden, 1951) .
The animals in the experimental group were infected intravenously with 1 ml containing 1 x 16 T. evunsi (Olmisor group). The parasites were counted using a haemocytometer (Assistent, Germany). Thii isolate had been obtained from a camel at Olimisor in the Laikipia district of Kenya in 1985, coded (CP/124) and stored in liquid nitrogen. Prior to use in this study, the isolate had been confirmed as T. evunsi by growing it in tissue culture in parallel with a known T. fbrucei) brucei strain (Zweygarth and Kaminsky, 1989) .
All the bucks were examined for parasites twice weekly by collecting 5 ml of jugular blood and examining this by both the wet film and haemotocrit concentration techniques (Woo, 1969) . This blood was also used for determining the packed cell volume. The body temperature, respiratory rate and pulse rate of the animals were taken every morning. Any buck that died was subjected to a detailed post mortem examination. Two infected bucks were killed for post motfem examination, one at the tenth week after infection and the other after 12 weeks. The tissues collected post mortem were testicular tissue, epididymis, spermatic cord, scrotum, skeletal muscle, lymph nodes, spinal cord, brain, liver, lung, kidney, spleen, bone marrow and thymus gland. These tissues were preserved in 10% neutral buffered formalin and processed for routine histology, the sections being stained with haematoxylin and eosin.
All the variables were statistically analysed by analysis of variance.
RESULTS

Clinical findings
All the infected animals developed a detectable parasitaemia between 3 and 6 days after infection. Their rectal temperatures ranged from 38.8"C to 40.6"C. The temperature reactions coincided with development of parasitaemia. Throughout the disease the parasitaemia was erratic, as were the body temperatures, with temperature elevations following the parasitaemic peaks. Three of the six bucks developed bilateral testicular swellings that were warm to touch (orchitis). The orchitis was followed by a rise in temperature to 4&O-40.6"C and this remained high for lo-21 days. Aspiration of fluid from the scrotal sac showed parasites with a density of up to 3.5 x 106/ml when the parasite density in the blood was only 0.026 x 106/ml. The testicles of all the infected bucks, including those without clinical orchitis, atrophied after the tenth week, at which time a general emaciation also set in.
The packed cell volume (PCV) dropped gradually from pre-infection values of 0.30-0.39, (average 0.325) L/L to 0.17-0.22 (average 0.195) L/L by the tenth week. This was statistically significant (pcO.001) compared to the PCV values of 0.28-0.34 L/L in the control bucks throughout the study. The appetites of the infected animals were only slightly reduced. Two animals died, one in the eighth week and the other 12 weeks after infection. One animal of the six that were infected did not show any outward sign of the disease other than the testicular atrophy and its parasitaemia levels were very low.
Semen characteristics
All the infected bucks, including that with a low parasitaemia, showed significant deterioration in semen quality and quantity but the rate at which this developed differed from animal to animal. The semen from the bucks with orchitis deteriorated most rapidly (Figure 1) .
The changes observed in semen volume, percentage of dead spermatozoa, total spermatozoal abnormalities and spermatozoal density of infected bucks were all statistically significant (p c 0.001). The most common abnormalities were kinked and swollen mid-pieces, coiled tails and cytoplasmic droplets in the mildly affected bucks, while detached heads, mid-pieces and tails were commonly observed in those bucks in which testicular swellings occurred. The volume of semen fell from pre-infection values of 0.8-2.4 ml (average 1.76 ml) to 0.4-2.1 ml (average 0.98 ml) 10 weeks after infection. The percentage of dead spermatozoa increased from pre-infection values of 8.3-25.3% (average 17.36%) to 55.8~99.8% (average 82.59%) over the lo-week period, while total spermatozoal abnormalities also increased from 2.1-6.4% (average 4.23%) pre-infection to 55.4-100.0% (average 80.0%) during the same period ( Figure  1 ). The spermatozoal density was 0.68-2.40 x 106/mm3 (average 1.69 x 103 before infection but fell to 0.015-O.% x 106/mm3 (average 0.49 x 106) by 10 weeks after infection.
In the control bucks, the semen volume gradually increased, while the number of abnormalities and percentage of dead spermatozoa decreased and the total count increased over the IZweek study period (Figure 1 ).
Post mortemfindings
The carcass of the animal that died 8 weeks after infection showed general emaciation and paleness. Testicular lesions included fibrinous strands and extensive adhesions between the tunica vaginalis and the tunica albuginea. The testicles were shrunken and there was no evidence of semen on the cut surface.
Histologically, the blood vessels in the testicular tunics contained microthrombi consisting of inflammatory cells, mainly neutrophii, and pinkish exudate (Figures 2  and 3 ). The cells lining the epididymis showed hyperplastic changes and the epididymal lumen was devoid of spermatozoa. The epididymal interstitium was In the three animals that were examined post mortem later in the disease, the testicular lesions were similar to those in the earlier fatality. In addition, there was widespread calcification of the testicular tissue, the testicles feeling gritty on cutting.
Histologically there was severe vasculitis and an increase in the density of the collagen fibres in the area between the seminiferous vesicles. The germinal layer was atrophied. Most of the seminiferous tubules were completely clogged by calcium deposits, leaving no lumen (Figure 4) .
In the epididymis, the ducts were devoid of spermatozoa. The epithelium was eroded. The interstitium displayed an inflammatory reaction characterized by infiltration by mononuclear cells, predominantly macrophages and lymphocytes. Most of the blood vessels of the pampiniform plexus contained microthrombi.
In the control bucks all the seminiferous vesicles and epididymal ducts were normal and contained spermatozoa. 
DISCUSSION
The low, erratic but persistent parasitaemia observed in experimental T. evunsi infection in goats is in agreement with Boid et al. (1981) and Rottcher et al. (1987) . The disease is generally mild, the deaths that occurred in this study being perhaps due to exposure to the disease for the first time (Losos, 1980) . However, the disease caused severe pathology in the testicles and subsequent deterioration of the semen quality. Similar results have been obtained with other trypanosome species in rams, bucks and bulls in chronic forms of the disease (Isoun and Anosa, 1974; Ikede, 1979; Kaaya and Okello, 1980; Sekoni et aZ., 1988) . Alopecia of the scrotum, which was reported by Akpavie and Ikede (1987) , was not a feature of the T. evunsi infections in this experiment. As semen deterioration was observed in some animals as early as 6 weeks after infection, the disease may not need to be chronic to cause infertility. Since the process of spermatogenesis takes a minimum of 42 days (Cole and Cupps, 1977) , it is likely that damage to the testicular tissue starts much earlier than the changes observed in the ejaculate in this study. It is not known why the testicles seem to be a target organ for these trypanosomes. It is possible that the well-controlled temperature in the testicles creates a conducive environment for trypanosome multiplication with resultant destruction of the testicular tissue. The microthrombi in the blood vessels may lead to cooling of the testes due to poor perfusion.
Trypanosomosis causes an increase in vascular permeability (Murray and Morrison, 1980 ). It appears that the trypanosomes localize in the testicular tissue from the general circulation. Their activity then stimulates an inflammatory reaction, causing an orchitis. As a result of this, the testicles warm up and the trypanosomes pass into the cooler scrotal sac.
Calcification seems to be dystrophic rather than metastatic (Thomson, 1984) and does not seem to be of primary importance in causing infertility since the buck that had died by 9 weeks after infection showed poor semen quality, yet no calcification was seen on histological examination. However, such calcification might play a major role in infertility should the affected bucks recover, for many of the ducts and vesicles were completely clogged by calcium deposits, which would severely impede the passage of spermatozoa. It appears unlikely that there could be a return to normal fertility after such severe calcification.
The increase in semen volume up to the seventh week after infection in the infected bucks and throughout the experiment in the controls may be explained either by the improved nutrition or by the animals getting used to electroejaculation.
